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We discuss the possibility of changing the energy dependence of the mean multiplicity, i.e. slow down of
its growth at the LHC energies due to a gradual transition to the reﬂecting scattering mode.
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(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.The possibility that the elastic scattering amplitude can exceed
the limitation assumed by the black disk model at very high ener-
gies was discussed a long time ago [1]. Such an energy dependence
of the amplitude is a manifestation of a gradual transition to the
reﬂective scattering mode [2]. The appearance of this mode fol-
lows, in its turn, from the fact that opening of the new inelastic
channels with an energy increase, would not lead to saturation of
the total probability of the inelastic collisions at small transverse
distance, but instead, it would result in the self-damping of the in-
elastic channels [2,3]. The natural question is how the LHC data
can be interpreted in that sense, namely, are there direct or indi-
rect indications on the presence of this reﬂective scattering mode
at the LHC energies. To answer this question the experimental sig-
natures of the reﬂective scattering mode should be considered ﬁrst.
The straightforward reconstruction of the impact-parameter de-
pendent elastic amplitude is preferable for that purpose. It will
allow one to conclude on possible crossing of the black disk model
limit for the elastic scattering amplitude. It requires careful analy-
sis of the available experimental data based on the Fourier–Bessel
transformation and an extra assumption on the real part of the
elastic scattering amplitude.
Another way is to analyse the experimental data on elastic scat-
tering at large transferred momenta (deep-elastic scattering) to
deduce the possible consequences for the asymptotics of the elas-
tic amplitude. Since the deep-elastic scattering probes the region
of small impact parameters, it was proposed [4] to use these data
for discrimination of the asymptotic modes in the hadron scatter-
ing. In this region the reﬂective and absorptive scattering modes
have the most signiﬁcant differences at high energies. These two
modes are associated with the different impact parameter proﬁles
of the inelastic overlap function. As a result, in the reﬂective scat-
tering mode associated with the unitarity saturation, the elastic
scattering amplitude will asymptotically decouple from the parti-
cle production [4].
* Corresponding author.http://dx.doi.org/10.1016/j.physletb.2014.03.012
0370-2693/© 2014 The Authors. Published by Elsevier B.V. This is an open access article
SCOAP3.At ﬁnite energies it should be observed that the deep-elastic
scattering has decreasing correlations with particle production as
the collision energy increases. On the other hand the saturation of
the black disk limit implies strong correlation of deep-elastic scat-
tering with the particle production processes. Respective asymp-
totic differential cross-section dσ/dt is expected to be four times
lower than it is in the case of the reﬂective scattering mechanism
domination.
In this note we consider the implications of the above men-
tioned decoupling for the global observable related to the many–
particle production dynamics, namely, the mean multiplicity of the
secondary particles 〈n〉(s) which is a most general and transparent
quantity related to the particle production processes.
Let us consider the inelastic overlap function
hinel(s,b) ≡ 14π
dσinel
db2
which enters the unitarity equation for the elastic scattering ampli-
tude f (s,b). In the impact parameter representation this equation
takes simple form
Im f (s,b) = hel(s,b) + hinel(s,b).
The function S(s,b) = 1 + 2i f (s,b) is the 2 → 2 elastic scattering
matrix element. For simplicity, we consider the scattering ampli-
tude f (s,b) to be a pure imaginary function, i.e. f → i f . The
function S(s,b) is a real one in this case, but it can change sign
and take negative values. The maximum value of hinel(s,b) = 1/4
can be reached at high energies at the positive non-zero values of
the impact parameter, i.e., for instance, at b = R(s). The derivatives
of hinel(s,b) have the form:
∂hinel(s,b)
∂s
= S(s,b) ∂ f (s,b)
∂s
,
∂hinel(s,b)
∂b
= S(s,b) ∂ f (s,b)
∂b
.
It is evident that
∂hinel(s,b) = 0
∂b
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at b = R(s), if S(s,b) = 0 at this value of the impact parameter. Ev-
idently, the derivative of the inelastic overlap function has the sign
opposite to the sign of ∂ f (s,b)/∂b in the region where S(s,b) < 0.
It is the region of the s and b variables where the function S(s,b)
is negative (the phase of S(s,b) is such that cos2δ(s,b) = −1) is
responsible for the transformation of the central impact-parameter
proﬁle of the function f (s,b) into a peripheral proﬁle of the in-
elastic overlap function hinel(s,b) (Fig. 1).
It can be easily seen by expressing the function hinel(s,b) as a
product, i.e.
hinel(s,b) = f (s,b)
(
1− f (s,b)).
If f (s,b) > 1/2 at high energy and small impact parameters, then
the function hinel(s,b) will have maximum value 1/4 at the non-
zero impact parameter value. The impact parameter dependence
of the function hinel(s,b) would evolve then with energy from a
central to a peripheral one. The quantity 〈n〉(s) is obtained by
the integration of the corresponding impact-parameter dependent
function with the weight function hinel(s,b), e.g. the mean multi-
plicity 〈n〉(s) is written in the form
〈n〉(s) =
∫ ∞
0 bdb〈n〉(s,b)hinel(s,b)∫ ∞
0 bdbhinel(s,b)
(1)
The mean multiplicity 〈n〉(s,b) in the geometric approach has a
central dependence on b (cf. e.g. [5]). It is often considered as a
folding integral
〈n〉(s,b) = n0(s)D1 ⊗ D2, (2)
where Di are the two-dimensional impact-parameter dependent
matter distributions in the colliding hadrons. Therefore, when the
weight function hinel(s,b) evolves with energy to a peripheral pro-
ﬁle, the energy dependence of 〈n〉(s) should start to slow down.
For example, it can be expected that power-like energy depen-
dence would gradually slow down, namely
sβ → sβ−Δ
starting in the energy region where the function S(s,b) takes neg-
ative values. The parameters β and Δ (β > Δ) are determined by
the parameters of the model, e.g. [6]. Proceeding from the available
experimental information, one can roughly estimate the starting
energy of slow down of 〈n〉(s) in the range of √s = 3–5 TeV. This
estimate is based on the fact that the value of Im f (s,b = 0) in-
creases from 0.36 (CERN ISR) to 0.492 ± 0.008 (Tevatron) and hasa value which is very close to the black disk limitation 0.5 at√
s = 2 TeV [7]. If it is so, it would testify in favor of a gradual
transition to the reﬂective elastic scattering starting already at the
LHC energies.
Unfortunately, the data for the mean multiplicity at the LHC are
available for the central region of the rapidity only [8–10]. Straight-
forward extrapolation of this energy dependence to the whole
region of rapidity at any ﬁxed energy [11] looks oversimpliﬁed.
The data in the regions not covered by the measurements could
demonstrate different energy dependences. However, assuming the
above extrapolation valid, one should expect the slowing mean
multiplicity growth be shifted to the region of
√
s = 10–15 TeV.
This conclusion is valid also in the particular model based on
assumption of the Eq. (2) for the mean multiplicity distribution
〈n〉(s,b). For the function 〈n〉(s) the following relation is valid
〈n〉(s,b) = n0(s)F (s),
where the function F (s) can be calculated in a similar way to the
calculation of the gap survival probability in the double-pomeron
exchange processes performed in [12]. The factor F (s) has a maxi-
mum at
√
s = 10–15 TeV and decreases beyond those energies like
a negative power of energy.
Thus, one can state that the gradual transition to the reﬂective
scattering mode (with a prominent peripheral form of the over-
lap function hinel(s,b)) would lead to suppression of the higher
multiplicity events in the region of the small transverse distances.
Asymptotically, only reﬂective elastic scattering would survive at
small values of the impact parameter. A standard assumption in
many geometrical approaches is that the distribution of the mean
number of the secondary particles over impact parameter is sup-
posed to have a maximum in the region b 
 0. Combination of
these two facts is translated (due to integration over impact pa-
rameter) to slowing down energy dependence of the mean mul-
tiplicity 〈n〉(s) at the energies when the inelastic overlap function
hinel(s,b) starts to be peripheral. The experimental measurements
of the mean multiplicity in the energy region of
√
s = 10–15 TeV
would be interesting and helpful for discrimination of the differ-
ent modes of hadron interaction and would provide hints for the
asymptotics.
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